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NATIONAL ADVISORY COMi41TTEE FOR A3!RONAUT1CS

TECHNICAL NOTX NO. 504

CONPIJ3TE TANK TESTS Oti TWO FLYING-BOAT HULLS

WITH POINTED STEPS - N.A.C.A. bfODXILS22-A AND 35

3y James M. Shoemaker and Joe W. Bell

SUMMARY

This note presents the results of complete tank tests
of N..A.C.A. Nodels 22-A and 350 two flying-boat hulls of
the deep pointed-step type with low dead rise. Model 22-A -
is a form derived 3Y modification of Model 22, the test re-
sults of which are given in ?J.A.C.A. Technical ~ote No. 488.
Model 35 is a form of the sane ty-pe but has a higher length- ‘~

beam” ratio than either Model “22 or 22-A.

Take-off examples are worked. out usfng data from these
tests and a previous test of a con~entional model applied
to an arbitrary set of design specifice!igns. ?or 8 15sOOO-
pound flying boat. The comparison of these examples shows
both pointed-step moiiels to be superior to the conventional - _
form, and Model 35 to be the better of the two.

Nodel 35 is applied to a hypothetical 100,000-pound
flying boat of the twin-hull type and performance calcula-
tions are made both for take-off and range. ‘The results

indicate that the high performance of this type of hull
will enable the designer to uee higher wing and power load-
ings than are found -in current practices with a ~e~ulting
incrpase in range and pay load.

INTRODUCTION

The water characteristics of a flying-boat hull “of the
pointed-step type, N.A.C.A. Model 22, are presented in ref-
erence 1, The form of that hull was developed as a result
of observations of the behavior of conventional hulls run-
ning at high speeds and light loads. The type was expected
to have low resistance in the high-speed range, without a
corresponding increase in hump resistance. The results
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Presented in referonc~ 1 ShOW that th~ low resistance at
htgh speeds was realized, but t-hat t-he hump rosistanco
for a given load coefficio~t was somewhat hifihor than that
of a good conventional hull. The reaedy for t5is undesir-
able condition appeared to consist of altering the fore-
body of Model 22, to give a longer flat oa the forebody
planing bottom. The tests of Model 22 also showed that a
pro~ounced roach, or feather, was forned aft of the stern.-
post at certain speeds. The addition of a tail extension
suitable for supporting the aerodynamic control surfaces
WF-S expected to suppress this roach. Liodel 22 was modified
according to these ideas, and the resultinfl fern was desig-
nated Model 22-A.

The results of the tests on Model 22 indicated that
tko type offered sufficient promise to warrant the appli-
cation of the pointed step to a hull of htgher length-beam
patio, suitable for use on a single-float seaplane or a
twin-hull flying boat. N.A:C.A. Model 35, having a length-
beau ratio of6.~5, was designed for this purposo.

Tests of these two models were made in the N.A,C.A.
.

tank during November and December, 1933. The complete
type of test was used in this investigation, In order to ,
obtain design data suitable for seaplanes having a wido
range of gross loads and get-away speeds.

APPARATUS AND METHODS

The N.A.C.A. tank and associated equiyment are dis-
cussed in detail in reference 2. The apparatus used in
making the p“resent tests was as d~scrlbed except for a
change in the method of suspending the towing gear. Thi s
change will be discussed in a future report, ‘-

The complete method discussed in reference 3 was used
in making the present tests. The procedure is to tow the

model at a series of loads, speeds, and trim angles select-
ed to include any com-oination of these variables at which
the hull may operate. The resistance, trimming moment,

.
—

speed, and draft of the stop were measured for each test
point.

An unusually wide range of loads was used in testing
w

Model 35 in order to reach the high load cgeffi~ient.s at
which the model wo~{ld operate if applied to a float sea- *
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plane. or a twin-hull flying l)oa~. Tile high length-beam
ratio of Model 35 “makes “it applicable to ~hese types”ag
well as to the conventional single-hull flying boat. ,

DESCRIPTION OT MODELS

.
* Model 22-A was derived from Model 22, which is de-
sc>iled in reference 1.’ The changes m“ade in 22 to forum
22-A can heat be seen by comparing the lines_of the two
models shown in figure’ 1. The forebody was len&then6d
5.7 percent over that of 22 and the bow was male lower,
reducing the curved portion of the buttocks and thus mak-
ing the straight portion of the butt-ocks extend much far-
ther forward of the step than in Model 22. A taii exten-
sion of’ the type used principally for– su”ppor~”ing”the aero-
dynamic control su?faces was added to 22-A. The maximum
beams step depth, angle of dead rise, and afterbody shape,
exclusive of the tail extension, are the same as in Model

L
22.

___

The lines Of Model 35 are shown in figure 2.. Model
35, like 22-A, has a deep pointed step, a horizontal

%
afterbody, and a low angle of dead rise. The principal
differences from 22-A are a greater length,-bea”m ratio? a ‘-- “-—
slightly longer forebody, and a 5° increase in the angte
of dead rise. The high length-beam ratio makes this model
applicable to float seaplanes and twin-hull frying boats,
as well as to conve–n’t”ionalsing’l:e-hull flying boats. Mod et
35.was made without a tail extension aft of the sternpost-
becausp it= effect on the performance of Model 22-A had
beeu slight. These lines may be used as t-heyare”in &.de-
sign carrying_ thq_ tail surfaces.on outriggers, or- with an
added tall extension for & desi-gn car-rjlng ‘the surfaces on
the hull structure.

Both models were made of laminated mahogany and cov---
ered with plywood decks. The surface was finished with
several coats of grey enamel rub’bed smooth.

.

++

●

,. .———

. .
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The principal dimensions of
are:

Model

Length over-all, including tail
extension, inches

Length from how to afterbody
sternpost, inches

daximum %eam, inches

Depth over-all, inches

Depth of step, inches

Angle of dead rise, degrees

Angle between keels, degrees

Models 22, 22-.&, and 35

~ 22-A

-. 98,75

’76 78.?5

17 17

12 12 -

2.94 2,94

10 10

‘3 o

~

.-

80”

13

11

2.94

15

0

Com-olete offsets of Models 22-A and 35 are given in tab-
.

les-I and 11, respectively.

RESULTS

Test data.- Tabl~s 111 and IV give the speeds, rosist-———.——
ante, trim angles, drafts, and trimming momc+nts of Models
22-A and 35 obtained directly from observed data by deduct-

. ing the usual tares as discussed In reference 3. The same
data, with the exception of drafts, are given grnphfcally
in figures 3 to 8 for Model 22-A, and figures 16 to 20 for
Model 35. Each figure represents the dataa for one trim an-

gle, giving resistance and trimming moment plotted against
speed with the load on the water as the parameter.

All moments are measured about the centers of moments
of the respective models as located in figures 1 and 2.
The measured moments must be tra:~sferred to the actual
center of gravity of any design to which the data are ap-
plied. Moments that tend to raise the bow are considered
positive.

The trimming moments a~d drafts at rest are given In
figures 9 and 10 for Model 22-A and figures 21 and 22 for
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Model 35. These curves may be used to determine the water
line at rest for any load and center-o~-gravity position.
The trimming-moment curves also give the longitudinal
righting moments of the hull at reet.

lU2D.dAQQ7MLh2JMJXiS.3Q.@.- The number of independent
variables in the test data makes their application to de-
sign diffi.cult~ .A method of_avoiding the difficulties and-— -
reducing the number of variables is discussed in–r~erentie
3. The procedure consiste of determining the minim-izm-~e~
sistance and best trim angle for each s~ed and load by
plotting gesistg,nce .again:t trim angle for the given–spee~
with the load on the water as a parameter; C!tirvesof mini-
mum resistance and best trim angle are then plotted against
load for each speed. The results are reduced to nondimen-
sional form and plotted as curves of best tr~m -angle and
resistance coefficient_at best trim angles against speed
coefficient with load coefficient as iiparamefir~ Trim-
ming moments at best trtm angles are determined by plot-
ting trimming moments against trim angles for ~ given spe8d
and load and reading the moment corresponding to “tliebest
trim angle from the curve. The results are reduced to non-
dimensional coefficients and plotted as moment coeffici.enf.
for best trim angle against speed coefficient; ;ith the load--
coefficient as a parameter.

The nondimensional coefficients are defined as follows:

Load coefficient CA = +-

Resistance coefficient CR
.&

Trimming-moment coefficient CM=+.

Speed coefficient cv=~ .

where A iS the load on the water, n).

R is resistance, lb.

w is weight density of water, lb./cu.ft.

b is beam of hull, ft.

M is trimming moment, lb.-ft.
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v is speed, ft./see.
,.

..1>:...

,.. .
~ is acceleration of gravity, ft”./sec.-a

Note: w = 63.5 1%./cu.ft. for water in the N.A.C.A,
tank.

Nondimensional results are given graphically for
Kodel 22-A. in figures 11 to 15 and for Model 35 in figures
23.to 27. ,.

Precision.- The test results presented in the faired
curves are belie~ed to %e accurate within the following
limits:

Load +’0.3 lb.

‘ Resistance 5=0.1 lb.

Speed *0.1 f-t./sec.

Trim angle +O.1°
●

‘Trimming moment +1 lb.-ft.

DISCUSSION .“

Resistance characteristics.- The resistance of both—--—-——-—--——-.
Models 22-A and 35 was unusually low for all speeds and
loads. The curves of resistance coefficient at the best
trim angles against speed coefficient for Model 22-A (fig.
12) show that the increase of resistance with speed in
the high speed range is co~siderably less than that of a

conventional hull. (See reference 4.) The irnprovenent
at hump speed in the ratio of load to resi~”tance effected
by altering the fore%ody of Model 22 may be seen from the
comparison of the curves. of A/R against CA for Hodele
22 and 22-A in figure 15. At high speeds” the resistance
of Hodel 22-A was somewhat higher than that of Model 22,
although the form of the plauing bottom actually in con-
tact with the water at these speede was the same in both
cases. This increase is pro”oably cnused In part by the
higher air drag of the modified model.

#

The resistance characteristics of Model 35 are shown
by the curves of

●

CR against CT in figure 24 and AIR

.-....

■
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“b“’

*

.,,,,agatnst CL in figure 27. At huup speed the ,resistance

‘of ‘this model for load coefficients “in the range ord,inari-
--

ly;.used for flying-boat hulls (0.4 to 0.6) is considerably
lower than that of any other hull tested in the N.A.C,A,

,’tank to,,date. The resistance at given values of the-speed
and load coefficients in the high speed range is lower
than that.of a conventional hull (see reference 4) “out
somewhat higher than that of I,fodel22-A. At a load coef-
ficient of 1.2, which is within the” range of loading gen-
erally used for single-float seaplanes, the value of A/R
at the hump for Kodel 35 is about 4.5. Good conventional
floats usually have somewhat smaller ratio of l-oad to re-
sista-nce at the hump. —

Konient characteristics.- The curveg_qf moment coeffi-—.————L.. ...-c
cient against speed coefficient for %oth Models 22-’A an~-
35, (figs. 14 and 26) show a pronounced positive-moment at
speeds somewhat above t’he hump._ _In_somg cases the rndmeri~
may be .g.restenough to prevent the pilotls maintaining t-he
lest trim angle in thi% region. The resistance in this
range is not ordinarily-. critical, however, and a small dev-
iation frOLt the %est trim angle would not cause a serious
increase of take-off time.or rua. !12ilroughotitthe other
parts of the speed range ‘the moments at best trim anGles
are low and can pro”oably be controlled” satisfactorily. An
exception to this stateme~t may be noted ia fibgre l_+.=~he
moment coefficients” for Model 22-A at load coefficients of
0f15 and 0.6 show rather large l>egative values at ttie h~ump
speed. If load coefficients in this range are Use.q.i.n.q
flying-boat. design, the center of gravity should probably
be placed farther aft than the center of moments “sho-wn in
figure 1, so that the best trim angle may be held at_ t~e..
hump speed.

Spray formation,- I?either of- the models S-hewed o%j-ec-
tionable spray characteristics. The bow blisters were” rel-
atively 10V, proba%ly %ecause of the low dead-ri.se_.an?;les~
The addition of the tail extension O-n l~odel 22-A served to
suppress the roach formed at I.ow speeds and heavy loads.
The roach was present. in the case of Model 35, >ut could
probably he controlled in the same manner if the form were
applied to a fl;ring-boat design. In the case of a seaplane
float there is, of course, no means of suppressing this
roach. The.wake of Model 35, however, W-hs substantially
the same as that of a cdnvel~tioaal seaplane float having
a pointed stern; hence, the usual clearance provided to
keep the tail surfaces out of the roach at low spee-ds
s-nould be sufficient. -



8 N. A. C.A. Techilical Note No. 50.4
1

GeneraL behavior .- No definite information on the por-—--- .——--—.. —-—
poiAng characteristics of tho pointed-step hulls is 03tain-
able from the resistance tests. The construction of spe-.
cial apparatus for the study of porpotsing in the li.A.C.At
tank is contemplated, and the relative %ehavior nf various
types of hulls will be determined as soon as this equip-
ment Is available. Although there is no reason to expect
undesirable” porpotsi.ng fron either Model 22-A or 35, quan-
titative data on this point can only be furnished by fu-
ture tank tests with the special apparatus, or by full-
scale “experiments.

Some tendency toward directional instability, extend-
ing over a small range of low speeds, was noted in refer-
ence 1 for Model 22. The same characteristic was observed
in Models 22-A and 35. Although it is unlikely that this
instabilitywo’uld cause trouble in an actual seaplane, an
attempt was made to reduce it by fitting spray strips to
the forebody chine just aft of the point of maxinnm beam.
The strips used were 3/16 inch (1,4 percent”of the beam)
in width and projected from the chine at an angle of 30°
below the ‘horizontal. They extended longitudinally frcm
a PoiQt 45 Percent of the forebody length to a point 80
percent of the forebody. length from the bow. The strips
reduced the tendency toward directional instability, ap-
parently by alloiving the curved Bides of the ferebody to
run dry at a ‘lower speed. The effect on the resistance
and trimming moment was small. Some of the instability,
apparently arising.from the flow ol~e~the curved sides of
the afterbody at low speeds ,and keavy loads, “persisted af-
ter the addition of the spray strips. This characteristic
has also been observed in conv~iltional hulls having poir.ted
afterbodies, and could probably be ‘controlled by the addi-
tion of spray strips forward of the sternpost if the con-
ditima were troublesome.

Take-off examples.-—-.....——___ AlthouGh the’ relative .resj.stanco
of various hulls can be compared in a general way by means
of the curves of A/R plotted against CA (figs. l=and
2’7), the comparison is somer?hat obscured when hulls of
diff=rent length-bearil ratios are being considered, The
curves give a direct comparison on the tiasis.fif equal
teams for a given load, Model 35; however, would crdinari-
lY have a narrower be= for a given application than a hull
of lower length-beam ratio, both because the best compro-
mise between the hump and high-speed resistance requires a

smaller beam, and because the weight of the longer hull
would be excessive if the beams were made equal, Actual

.

.

#

,
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take-off calculations offer a better %asis of comparison;
h,eAce, several examplas are included here.. G.

Tbe first set of examples compares the performance of
iiodel’s22-A and 35 with that of a hull of the conventional
American type, Model 11-A (reference .4), applied to a hypo-
thetical flying boat. The desi~n data ass-~m.edare tll.esame
as those used in the exar~ples in references and 4:

Gross load

Wing area

Power

3ffective aspect ratio,
considering ground effect

Parasite drag coefficient,
exclizding hull

Airfoil

15,000 lb.

1,000 Sq. ft.

.1,000 hp.

7.0 -_

0.05

Clark Y

The method of calculating the take-off yerformauce
from complete tank test data is described in detail in
reference 3; hence, only the results of the calculations -
will be given. The method of ‘selecting the %eam of a.
hull of given fo.rn, outlined in that reference, is not en- ‘“
tirely satisfactory for Hodel 22-A. Rhe method consists
of choosing the beam so that the margin of thrust in the
high-speed range is approximately the same as t-hat at the
‘huiflp. The unusually low resistance at high speeds of ~his
model permits the use of an excessively la%ge beam, with-
out serious reduction of excess ,thrus% near get-away. The
resulting ~ater resistance is 10}7 throughout,the take-off,
but the weight and air drag of the hull are Uri,ile~~~.ilY
large. For these exauples it was therefore decided to se-
lect the beams for the various forms so as to give approx-
imately equal weights for the tbree,hulls, which was done
by making the product of the be~ tinas thd length from
the how to the a,fter-iody sternpost the same ~n the three
cases. The bean used for Hodel 11-~” (referer+ce 4) was de-
termined for the same design conditions as. 8.07 feet. The
length corresponding to this beam is 36.0 feet from the bOl?
to the af%erbody sternpost.

The curves of air drag, total resistance, and prop8l-
ler thrust for the three cases are shown in fignre 28, The
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thrust curve is that used in the exaaple in reference 3.
The ezcess thrust ~i~~wn in figur~ 28 was u~ed to calculate
the curves of l/a aild V/a (whore a, is the accelera-
tion and V the speed) shown h fignres 29 and 30, In tho
manner described in reference 3. The take-off time for
each case is given by the area under the l/a curve and the
run by the area undei the V/a curve. It should be noted
that the get-away speed indicated by extrapolation of the
angle-of-attack curve was not exactly the same for the
three cases. All three were assumed to be tal:en off at
103 feet per second by mesas of a slight pull-up at get.
away.

.!

A sum~ary of the take-off performance of the three
hulls is given Iu the follo~ing- table:

i<odel 11-A 22-A---- —-

3eam, ft. 8.0? 7.92

Length (to afterbody
sternpost), ft. 36.0 36.7

Iaitial CA 0.445 0.471

Ving setting, degrees 6.7 6.1

Take-off time, 5ec. 38.0 33.6

Take-off run, ft. 2,410 1, 920

The foregoing comparison shows that a hull
‘\ P.int.d-st.p type with lowdead rise ua~givea

ably shorter take-off than a coavontional hull,

35 .

6.87
.

42.3
,

0.723

4.4’

31.5

1,860

of the .,
considor-
when an-

plied to thi~ same seaplane desiGn. The i“mportaace of “
high-performance hulls in general, however, lies in thotr
ability to take off with abnormally high wing aad _pQwor
loadings, thus permitting tie do-sign of seaplanes having
a larger range and/or pay load t-uau thoso now in use. In
order to show the Fossibi.lities of suc~h a design, the test
data for Model 35 will be applied to a hypothetical twin-
hull flying lost of 100,000 pounds gross. load. In order
to obtaia the full advantage of the good performance of
this model, the wing and power loading should both be made

f

large, aild the parasite drag reduced to a niuimum. Such a
design mill have a high ratio of useful load, together with ,,
a reasonably fast cruising speed at low fuel consumption. #
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The aspect ratio can be rather low in order to save struc-
tural weight, since the iaduced drag is of primary import-
ance only in climb - a minor consideration for a long-range
flying boat.

An outline drawing of the hypothetical flying boat
used in this example is shown in figure 31. _._The engines
are housed within the wing anddrive through the leading
edge. Tlfe cooling system should be of the vapor type, us-
ing the wing surface for radiation. This arrangement seems
to be feasible in the light of present knowledge, and is
necessary to reduce the cruising dra~ to a point where non-
stop transoceanic flights can be made with reasonable pay
load.

The essential design data used in this example are as
follows:

Gross weight

Wing area

Total power
(eight engines of 625 hp. )

Aspect ratio

Airfoil

100,000 lb

4,000 Sqo ft.

5,000 hp.

4.5

N.A.C.A. 4315 (data
taken from N.A.C.A.
!C.R. HO. 460)

The lift aud drag curves assumed for this flying boat
are shown in figure 32. It should be noted that the ground
effect with a water clearance of 15 feet and a span of 135
feet, calculated by the method given in referenCe 5$ in-
creases the effective aspect ratio for take-off to 8.3.
The beam of each of the two hulls was chosen as 10.92 feet,
corresponding to a load coefficient of 0.55 and a load-re-
sistance ratio of 6.5 at the hump sjeed. The angle of wing
setting, determined hy the method outlined in reference 3,
was 6.8°. In the take-off calculation, however, a wing
setting of 5° was used, since “the resulting take-off per-
formance is only slightly worse, and the air drag of the
hulls at cruisiag speed would bq somewhat less.,.,

The curves of thrust and total resistant-e”-for the
take-off example are shown in figure 33. Two thrust curves.
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are shown. The lower one is based oa eight engines of 625
hp. each, driving fixed-pitch propellers designed for 1,800
m.p.m. at top speed. The other was calculated” four the same
engines driving controllable propellers at 1,500 r~p.m. The
propeller data were taken from figure 6 of reference 6. Al-
though the tests were made with the propeller in front of a
completely cowled radial engine, they probably appl~ fairly
well to an installation such as that assumed in this exam-
ple.

‘The curves of l/a and T/a calculated fron the
curves of ’figure 33 (using the thrust for controllable pro-

pellers) are shown in figure. 34. Integration of the areas
under the curves shows the take-off time with no wind to be
64 seconds and the run 5,230 feet. The high power loading
causes the ~ake-off to be relatively long, in spite of the
fact that the excess thrust is large compared to the total
resistance.

As a matter of interest the range of this hypothetical
flying boat was calculated by the method given in reference
7. Controllable propellers were assumed in this calcula-
tion, and enou~h engines cut out as the fuel load was re-
duced to hold the operating engines at about t*,?othfis
maximum power. Tine specific fuel consumption was assumed
to be 0.5 pound. per brake horsepower hour.

The grpss load at take-off was assumed to he made up
,of- 50,000 pounds empty weight, 2,0c)0 pounds of oil, and
48,000 pounds Pf fuel and pay load. The curves of figure
35 show the results of the range calculations in terms of
pay load plotted against range. The average cruising air
speed is taken as 145 miles per hour. This value is some-
what above the speed for maximum range with no wind, but
gives about the maximum possible rauge with a 3Q-mile-per-
hour haad mind. The calculated top speed of the seaplane
is 168 miles per hour.

It may be noted that a pay load of nearly 14,000 pounds
could be carried 2,400 miles against a 30-mile-per-hour
head wLnd. This is a%out the distance of the longest non-
stop flights required for several pot~ntial transoceanic
air routes. Although this ratio of pay load to gross weight
is rather low, the load carried per rated horsepower is
about 2.75 pounds, nearly as much as that carried by high-”
speed-transport land pianos.

.

.
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COITCLUDING REiIARKS
.,,:s .... .:.. - ,:- —~.“

. ..’ .’
!lhe test’ remits of Models 22-A &tnd”35 show that the

pointed-step type of hull with Zow dead rise is capable of -
.,.givi~g. somewhat better take-off perfor~ancg. than any hul.~”

1 of conventional type so far t“ested in the N*A~CCA~. tank-
The lines and data for Model 22-A are applicable to single-
hull flying boats, and those of Model 35 to a range of de-
signs including sing~e- and twin-hull flying boats and
single-float seaplaaes. The 10-w resistance of these hulls,
particularly at high speeds, suggests the possibility of
increasing the range and pay load of flying boats of clean
aerodynamic design, by the use of wing and power loadings
higher than those found in current practice.

Wind-tunnel tests to deteruine the air drag of the
point,ed-step models, as well as that of a number of models
of other t;~es of hull, are in progress and will be report-
ed in the near future.

.

.
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Langley Memorial Aeronautical Laboratory,
National Advisory Committee for Aeroilautics,

Langley Fieid, Vs., July 23, 1934.
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TABLEI

Offmta forlf.A.O.A.Ml lfo&3-APl@ng-Be~t3u11(Iimhas)

Diatanoebelowbanelinb Half-breadths

ata.Diet. Keel Bl B2 B~ B4 LowerLewerMiddleUppemUpp4rkwer H.lddlaU per W.L.1w.L.a K.L.:
no. frem E+dine oove Ohlne uoveOblneohlne& ohine& one

F.P. %.30 3.60 5.40 7.ao oove upper 210.00 a.006.(X
oove

r.P. o.16

i#
1.88 o.as 0.7C
a.36 .64 1.0:

.ya
4.09 o.sa a.os
6.46 1.66 4.84
6.51

s
a.04

—

4

5.W
5.65
6.a5
7.s3

8.25 :.g
s.a4

BI1O.49ho.lollo.oll I 1 I 7.331 I I 6.851 I
of Statlone

w linesfrom 10.46-. 8.40

tk (aecition of [li.oolS.061 7.77 I ] .15 I I
waterline

. -,.-*””--.,+- 7.58
Ie.3a

(seoticnof
6.BZ 6.87 hull eurfaae

TABL3II

OffeetaforK.A.O.A.Mel Ho. 35 Flying-BoatHull(Imhes)

Dint-ebelowbaeeline I EIalf-breadth

e
o I5.001

-1--4
l.as 8.35 6.48
a.cw 9.37 7.67
4.76 10.33 ,9.04
7.00 10.76 9.sa
11.W 10.99 10.43

Elem
16.00li.oo Str

1 I 1

5.85

:+

‘6.60
6.8a 6.13
7.9s 7.30 6.9a
a.93
9.s1 9.33

8.34
8.9 8.65
7.77 7.ss

,teof statione
ght Linesfrom 9.14
are dt

ZKI.60 9. 9
as.oo
36.342 L
34.00 lDlgt~Oe from Oenter ::3J
3s.50
43.00 :Wp%%%o:r- fl:eo
47.50 (seotienof hull 0.38

3a.oo 1::%
surfaoemadeby s
vertloalplane par-

65.80 allelto pleneof
01.60 Sylmllotq)
86.40
71.ao
76.00~
80.00 8.06 L

1.00

-L-E-L
I [ e,4a I

TTT
e.w

6.35
t

e.36 e.m e,m
:.:: $e.35 6.a5 e.as

6.35 5.4a 5.4a
e:ee 6.41 4.30 4.an
7.44 e.4e a.40 a.40

e.oe I e.eol.101.10

lB!__L

ax%

e.so$
e.m
e.44
e.a5
5.97
5.34
4.a4
4.19
3“m
a.30
l.aa
.30

3Diotmoefroabanelineto
writerline(seotienofhull
euzfauemadeby a tirizon-
t~l laneparallelto baee

7line .
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TABLE III

Teat Data for N.A.O.A. Model No. 22-A Flying-Boat Eull

Kinemahio vieooeity - 0.0030140 ft.a/8eo.
Waterdensity,83.51~.lou.ft. watertemperature,5* F.

Note:PoBit~vemomentatendtoraisethebow

Trim engle, 7 = 2° J ‘him engle, r = 3°

bad Speed
lb. f.p.B.

leslstenoe
lb.

‘rimming Draft
moment at
lb.-ft. etep

in.

Load Speed
lb. f.p.a.

leaiatanoeTrimming Draft
lb. moment at

lb.-ft. stel
in.

T
40 6.4

7.9

1::?
12.3
13.8
16.0
17.4
18.8
81.1
a3.o
26.3
31.7

+

5 27.3
32.0
37.3
42.7
5a.a

10 27.4
32.0
37.0
42.5
62.2

1.9
2.’a
2.7

::! _L
-a 0.7
-2 .7
-3 .5

2 ::

-1 .8
.7

3 .7
.8

:: .7

20 27.6
31.8
37.2
42.5
5a.a

%:
6.4
7.2
7.7

6 1.2
3 1.1

-: 1::
-7 .8

I36.042.0
46.5

T
80 8.2

:::
28.2
31,5
37.0
4.2.4

6.8

l?::
9.0

2::
11.8

4.6
% 4.5
28 4.3
62 a.1
28
17 ;:;
9 1.4

Trim angle, 7 = 3°

5 all
23;1
a8.2
31.a
37.3
4a.a
46.6
61.5

all
aa.9
a6.1
31.6
36.6
37.5
4a.a
46.5
51.5

?::
1.7
1.7
1.7
2.4
2.5
a.8

-2
-3
-3
-5
-5
-5
-5
-5

-:
-4
-5
-6
-5
-6

“z

0.9
.8
.7
.6

::
.3
.3

.

u 5.a
1::: 4 6.3

6.7
1::: 4 5.8w10 2.1

2.4
2.7

:::
a.8
3.0
3.5
3.9

H
.9
.7
.6

::
.3
.6

Trim angle, T=5°

5 I 2Q.4
2a.4

1.3

$::
1.8
2.6
2.7
3.a
3.7

1.8
1.8
a.2
a.5
3.1

~:~
.

-a
-3
-3
-3
-4
-4
-6
-5

-2
-3
-4
-6
-7
-6
-6
-6

0.8

:;
.7

,.
.:

::

a6.6
30.0
36.8
40.9
46a
61.5

ao

—

;::

3:3
3.7

:::

:::
6.1
4.7
5.a

16
14
8
8
7
3

-:
-5
-6

-$

a.o
1.8
1.8
1.7
1.5
l.a
1.1

;!

.7
,7

10 ao,4
22.4
a6.6
a9.6
35,8
41,4
48.0
m.a

;.;

:7
.8
.6
.6
.6
.6

20 11.8
13.5
14.9
17.0
18.5
ao.a
a2.4
a5.8
a9.7
35.8

a,6
a.~
a.7
2.9
a.8
a,s
3.0
3.4

R
4.9

:::

a
5

a.a
2.0
1.9
1.9

M
1,3
~.a

:::
.?
,7
.6

● ’

. -3
-5

2
-la
-13
-14-1_41,546.0

61.a -.
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TABLE III (Oontinuad)

Teat Data for IT.A.O.A. Model No. 22-A F’lytng-Boat%ull

17

Kinematio viaooaity = 0.0000140 ft.2/seo.
Water flenaity,63,6 lb./ou.ft. Water temperature 62° F.

Note, Positive momenta tend to raise the bow

Trim angle, ~ = $ Trim .=m71a.T=~”-. —.. ,

Joad Speed Resistance Trimming Draft
lb. f.p.a.

Load Speed Reaietanoe Trimming Draft
lb. moment at lb. f.p.e. lb.

lb.-ft.
moment at

etep lb.-ft.
in.

step
in.

40 7.5 -1
H

1;:: 5.5 :
11.9
13.5 z:; ;:
14.9
17.1 u ::
18.6 18
20.3 ;:: la
aa.4 7
25.4 :::
30.8 6.6 -;
35.8 i’.o -lo
41.3 -15
45.8 ::; -18

80
::: 1::; 1:
10.3 10.5 13
11.8 11.1
13.4 11.8 H
14.9 12.o 61
16.8 11.0
18.8 9.1 5;
20.3 8.9 44
22.3
25.3 ::: %
30.5 9.0
35.6 -’:
41.3 1::: -13

au 14.9 -5 1.7
::: 16.6 ::: -4 1.8
3.5 18.1 3.6 -5 1.6

19.8 3.6 -6 1.4
::: aa.o 3.6.- -7 1.3

23.3 1.3
::; 26.1 ::: -i! 1.1

30.2 -14 1.0
%: . 35.5 ::; -17 .9
1.9 6.9 -21
1.6 47:: -a3 :;
1.4 49.6 ::; -25 .7
1.3
1.1 40 6.3 -35
.9 ‘7.2 ::; -a3 :::

-18 3.7
4.9 1::: ::: -14 3.4

11.4 6.0
:::

-11
13.1 6.8

4.1
:::

14.9 6.2 :
4.1 16.7 6.4 10 :::

16.0
:::

5
19.4 ::: H
2a.3 .. -; 1.7

::: 23.3 :.: -5 .9
2.3 26.1
2.0 30.2 ::: -i; :::
1.6 35.6 9.2 -a2 l.a
1.6 40.4 10.Q -27 1.1
1.2 44.0 10.7 -31 .8

80 10.9 -3 5.5 60 :.; 4.1 -39 4.7
::: 14.5 6.6 -)38
10.3 18.9 H 6:8 ::: -17 ::;
11.7 18.1 a3 ::: 10.2 -lo 4.3
13.3 20.0 35 11.5 1::; -3
22.4. 12 0 ::; 13.0 9.6 7 :::
25.4 11.7 4> 14.9
343.8 11.7 17 ::: 16.7 ::: % ;::

18.0 9.7 2.9
.00 12.9 -6 6.1 19.5 9.7 %’ 2.8

;:: 17.7 17 8.1 22.3 9 2.3
23.5 ::: 2.2

Trim angle, T = 70 26.2 -:
333.2 ::; ;::

5 19.8 1.6 4 o;; 36.4 11.6 -$
21.8 1.7 -5 40.0 12.8 -27 k;
23.2 -6 .6 ‘ B. 53
28.1 H -6 5.3 -43+ 6.6
30.7 2.? -7 :: 7:2 -30
35.1 -6 .4 1::: -14 ::;
39.0 ::: .4 1::: 14.4 -9
43.2 3.4 -i; 11.6 16.o -a ::;

49.0 3.3 -M - ;; 12.6 15.5 11 4.6
12.9 16.6 12 4.8

10 19.6 -6 I,a 14.2 14.9

al.8 ;:! -6 .9 14.s 14.8 z :::

a3.a 2.9 -7 .B 16.6 13.9 65+
18.0 13.5 84+ M

%::
.7

;:: -i? .7 19.3 13.1 3.3

35.0 4.6 -la .5 aa.4 13.4 % 2.5

39.6 5.1 -14 .
43.0 -16 ::
49.3 ::: -18 .4
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TAME $11 (Oontlnued)

Teat Data for M.A.O,A. Model UO. a8-A Flying-Boat Hull

Klnematlo viaooelty = 0.0CQ0140 ft.a/eeo.
Water density, 63.5 lb./ou.ft. Water temperature 6ao F.

Note: Poelt!lvemoments tend to raiee the bow

Tzlm angle, T = 11°

%

Ioad Speed Resistmoe

L
‘TrimmingDraft
moment at

i lb.-ft. etep
in.

iesistanoe
lb.

15.0
16.4
16.7
16.7
17.0

ao.o
19.2
ao.5
al.6

rimniq
moment
lb.-ft.

-34
-17
-11
1

-ii

1:

80 a3.6

I

13.0 I a3
26a 12.7 ::2
3U.4 13.1 -?’ 1.8

11.8
la.7
14.4
14.8
16.4

11,6
la.9
14.6
16.a

,00 6.4
7.1
8,7
9.6

1!::
la.6
14.6
18.0

;:::

19:a
19.0
20.6
aa.a
aa.z
aa.7

-55-

-16
-6
-6

.-
;

u-

6.9

:::
:.:

6:8

:::
5.a

Trim sngle, T = 90

ao

z

14.6
16.3
,18.0
19.5
al.s

-16
::: -13

-13
n -13
6.1 -15

1.6
1.6

2;
1.3

H
a.7
a.6

U
a.z
1.7

.

10.2
11.8
12.8
14.7
18.2
18.3
19.3
Ial.9

.7.0
6.9

;:;
7.6
7.4
;.:
.

-33
-2a
-ao

:;
-8
-5
-8

60 10.1
11.0
12.8
14.8
;:.;

19:8
aa.o

10.9 -3a
10.6 -3a
10.7 -17
11.0 a
11.0
10.8 1:
10.9
11.0 -;

80 10.0
11.a
11.4
12.7
13.a
14.1
18.3
17.8
19.5
21.0

14.8
15.a
15.1
14.3
14.a
14.4
14.8
15.0
14.6
14.3

40
-36
-3a
-lJ

5.1

:::
4.6
4.0
4.4
4,1
3.6
3.a
a.6

3:
33
36
16

.00

L1?:!/
n.a
12.7
14.a
16.1
18.2 --1-

18.1 -44
19.a -41
19.a -30
al.3 -a
19.a 17
u3,a
18.9 %

6.8
6.7
6.5
5.6

:::
4.3

.
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TABLE IV

.

Teet Data for 11.A.O.A. Model Mo, 35 Flying-Boat Hull

Kinematlo vieooalty = 0.0000145 ft.ajaeo.
Rater density, 63.5 lb./ou.ft. Water temperature 60° F’.

IJotdi Positive moments tend to raise the bow

Trim angle, 7’= 30 I Trim angle, r.30—
load Speed Reaietanoe Trimming Draft
lb. f.p,El. lb.

Load Speed Rea.latanoeTrimming Draft
moment at lb. f.~.a. lb. moment at
lb.-ft. etep lb.-ft. ate~

in. In.

5 21.7 1.3 ..- so 6..6
a3.a

4.4 -1
1.4

5.1
-: i:;

26.0 1.s -a
s.? 5.s

l.a 2%; ;:.: ~ :+ ;::
31.2 .9
37.2

81.s
::: ::

43,a
37.2

a.a
12:1 38 2.3

-5 ::
4’7.0

43.0 13.1 20
2.6

1.8
-6 .’? 47.0 13.1 6

47.6 2.4
1.7

-4 .7
47.8 a.6 -6 60
67.0

6.1 -3
a.9 -6 :: 8.5 1::: 25 :::

10 31.3 100 6.1
:::

5.5 -2
23.7

8.8
:; ;::

26.7 2.5 -3
31.7

1.3 120 5.9 6.1
2.s

-1 7.4

36.3 3.3 2 H
43,1

‘him angle, T = 0°
-7 .8

47.9 ::: .- .6 5
48.2

20.4
3.8 -:

1.1 -a l.a
.7 82.5 1.3 -3

66.4 3.0
1::

-8 .7 25.2
30.9 ;:+ :: ,s

Xl 6.3 -1 3.3
:::

35.0
5

1.7 -6 .6

1::;
-6 .6

2.7 ::: 4%:; ::: 4
la.9 3.0

.4
: 2.6 5J.: 2.5 4

14.8
.6

17.4 ::3 ; ~;
2.4

,:::
-4 .6

“1.S.7 ;.$ 2.6 10 20.6 1.6 -3
21.3

1.6
a.3 32.6 1.9 -4

a3.6 4:1 :
1.3

1.8 26.2 1.s -6
26.4 1.7

;:: -?
-6

31.6
;;;

1.5 %: ::; -6
37.0 4.8 -5 1.2 40.5 2.7 -9 .9
44.0 l.a 44.s a.7

::: -z
.6

46.7 1.1 60.3 :.; -i: .7
52.7 5.7 -11 .s E6.o . -8 .7
67.6 5.9 -13 .9

ao 1.7 -13 3.6
40 6.2 3.3 1 4.4 ::: a.4 -9 3.3

2.3
1::; ::: ?: ;:: 1::; a.s :: :::
12.6 3.8 13.s 2.9

;::
-3

14.4 :: 3.6 1s.2 3.0 3 :::
16.8 3.7 16.3 3.0 2.4
19.3 1::: :: 3.0 ‘. 20.3 3.a ?
al.6 3.0.s 6a 3.4 22.3 3.2 -1
a3.6

;;;
Q.6 4s a6.a 3.1 -4

a7.o 6.a ::+ 31.1 1:4
32.3 8.2 :: a.o 35a ::: -$ l.a
37.4 6.6 la 1.6 39.5 3.9 -12
42.S

1.1
-1 45a -13

47.4
1::

::: -6 H 61.7 ::: -la
62.6 9.9 -9 1.4 as.4 4.9 -16 .s
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TABLE IV (Continued)

Test Data for H.A.O.A. Model No. 35 Flying-Boat Hull

Klnematio viaooslty = 0.0000145 ft.2/eeo.
Water density, 63.5 lb./ou.ft. Water temperature 50° F.

Note: Ponitive momente tend to raiee the bow

Trim a.wle, 7 = 5° Trim engle, Twap

raft
Lt
Btep
h.

-
Lesistanoe

lb.

2.9
5.3
5.7
5.7
5.8
6.0
6.1

::!

;::
6.8
6.6
7.0
7.4

raft
?.t
step
in.

WBLuing
moment
lb-ft .

-22
-19
-19
-16
-15
-lo
-7
-6

-i;
-13
-17
-ao
-60
-23

Oad
lb.

—

m’

\.

Speed
F.p.s.

2::
9.7
12.1”
14.1
16.3
L8.4
30.4 ,
32,4
24.9
30.1
35.7
39a
%4.1
52.7

rimming
moment
lb. -ft.

-15
-2

::

2:
a7
a4
15
10
0

-?3
-17
-al

$.6
4.5
4.4
4.1
3.8
3.8
3.7
3.1
a.8
a.4
a.1
1.6
1.5
1.3
1.3

20 5.4
7.3

1?:;
13.6
16.1

1.9
a.7
a.9
3.0

:::
3.3 ‘
3.4
3.4
3.7

:::

2::
7.1

18.2
20.5
a5.o
28.4
35.0
40.3
46.7
61.1
55.2

-33
-21
-ao
-19
-19
-17
-13
-1
5
3

-2
-17
-aa
-a.6
-33

60

—
80

5.9

:::
11.7
13.9
16.3
18.3
ao.5
22.5
25a
30.a
35.8
39.6
44.8

5.8
8.a

1:::
a5.5
28.7
35.4

4.a
8.a
9.8

. 11.4
la.9
X3.3
la.5
la.o
9.7
9.6

1:::
9.8
1o.4

;.:

.5:4
5.1
4.9
4.9
4.9
4.4
3.8
3.a
a.4
2.0
1.8
1.6

40 5.0 a.~
4.7
5.8
5.8

:::
6.0
6.4

n
6,6
6.s
7.2

::?
9.3

::$

1:::
10.9
9.7

:::
9.7
9.7

1:::
10.6
11.a

:::
9.7
9.9

40.0
45.8
51.1

in
13.6
16.9
15.4
la.8
la.6

-18
7

1:
73.+

:;

-18
B
8

8.4
6.5
8.1
8.0
4.1
3.1
a.6

80 4.9
7.4

-40
-20
-16
-13
-1
la
3a

%
10

-i;
-a4
-m

-4a
-al
-13
-7
5

::

%
34
13
-7

7.a
7.3
7.0

LOO

—
Lao

5.9
8.1
9.7

5.9 6.1 -17 7.9

‘him angle, t = 7°

-F
80 4.9

7.3
9.a
;;.;

16:7
18.4
20.3
21.0

3.4”

1:::
14.9
16.4
18.a
15.4
14.4
13.6
13.3
13.a
13.3

al.o
all
a5.o
a9.4
36.4
40.9
46.0
51.0
66.3

a.o
2.0

:::

-6
-5
-6
-7 L

1.6
1.4
1.1
.9
.6

::

::

3.1

M
4.5
D.u

-lo
-lo
-lo
-12
-15

—. .—..
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TABLE IV (rlontlnued)

Teat Data for lJ.A,O.A.Model ITo.35 Flying-Boat ?lull

Kinematio viaooslty = 0.0000145 ft.a/Eeo.
Water denelty, 63.5 lb./ou.ft. Water temperature 60° F.

Motet Positive momenta tend to raise the bou

Trim angle, r = 7° Trim angle, T = 9°

ybli :y: . Rat3i;&noe Tr:l.ng D;~t Lobti~pe~ Resif;anoeT;;~~K Dr$ft
. . . . . ..0 .

lb.-ft. step lb.-ft. :pp
in.

100 4.9 -4a ;.: 00 6.1 -45 ‘7.0
1::: -al . 8.6 1;:;

:;: 15.1 -lo 13.0 :% :::
10.9 18.9 -7 ;:: 1;:: 15.0 -20 6.a
13.a aa.ii 11 6.8 14.0 16.7 0, ;.;
15.4 a6.6 7,0 16.8 15.0
18.3 26.0 % 6.4 19.0 15.1 z 5:0
m.4 23.6 7a+ 6.1 all 16.3
aa.o all 7a+ 6.6 a3.5 15.1 % :::
a5.a 17.3 70+ .4.a a7.o 15.0 6 3.s

Iao 5.0 6.a 100 6.0 ‘7.0 -45 7.6
1::: “xl 8.3 13.6 -30

::: 16.4 6.1 ::: 15.6 -31 ;::
11.1 2a.8 2 7.8 11.9 19.6 -lo 7.a

13.9 al.9 7
Trim angle, T = 90 17.3 all i::

1.B.5 ao.z ;: 6.3
ao 6.4 a.fi -a7 3.7 ao.3 ao.o 63 5.6

8.8 3.6 -25 3.4 a3.5 19..3 60 4.7
3.7 -a6 a7.o 16.9

1:::
33 3.6

-a7 :::
14.4 ::: -aa a,4 lao 6.1 la.1 -40 6.9
16.4 4,0 -19 a.4 6,6 18.9 -18 6.6
19.1 -17 a.a ,9.6 al.3 -19 8.7
ao.4 ::: -14 a.o 11.9 a6cl -3 8.3

40 6.a .4.3 -37 Trim angle, 7 = 11°
,6.4 -36 ::+

1::: 7.1 -3a 4.6 60 10.6 la.s -40 5.6
la.0 7.1 -27 4.a 14.1 13.1 -31 4.9
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